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(72) [Inventor] 

[Name] Sasayama Masaald 

(57) [Abstract] 

[Problem] Offer sheet battery and its rrmifacttiririg method w 
hich possess structure which shuntingjt is difficult to do. 

[Means of Solution] Through polyrrEric solid electrolyte, in sh 
eet battery which electrode connects, in order thesurface area of 
solid electrolyte layer to be large in comparison with surface 
area of theelectrode layer, at same time said solid electrolyte 0. 
1 to 1.5 rrmto protrude from all peripheryof electrode surface 
it is a sheet battery which is arranged. In addition, solid 
electrolyte layer or arranging precursor layer and surface area of 
theelectrode layer, after drawing up those laminate, solid 
electrolyte layer or it is a nmufacturing method of theabove- 
mentioned sheet battery which does treatment wrrich expands 
surface areaof precursor layer. 



illtDt^TCaifrbO. 1-1. 5 mml^fcbf 



fc*>- hB*l=*5i.*T, fttt?B{$BIBKJIfc.&iMl-? 
i/-hB*«>»g»S*. 



[aairr(s)] 

[Qaim 1] Through polymeric solid electrolyte, in sheet barter 
y which electrode connects, in order thesurface area of 
polymeric solid electrolyte layer to be large in comparison with 
surface area of theelectrode layer, at same time said polyrrrric 
solid electrolyte layer 0.1 to 1.5 mm to protrude from all 
peripheryof electrode surface being arranged, sheet battery 
which becomes. 

[Qaim2] Throigh polymeric solid electrolyte, polymeric soli 
d electrolyte layer or arranging precursor layer and surface area 
ofthe electrode layer in sheet battery which electrode connects, 
after drawing upthose laninate, said polyrrEric solid electrolyte 
layer or naroifacturmgrrethod of sheet battery which is stated 
inthe Claim 1 which includes step which does treatment 
whichexpands surface area of precursor layer. 



[000 1] 
[0002] 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention through poly 
rreric solid electrolyte, regards sheet battery and its 
irarnrfatturing rrethod which theelectrode connects. 

[0002] 

[Prior Art] Recently, battery of high energy density is required b 
ecause of portable telephone andthe personal computer or 
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other rrinialurizarion and weight reducticsi, lithium ion battery 
is developed as battery wrrichcorreqwnds to this, 
industrialization is done. As ion-mobile medium between 
electrode of positive electrode and negative electrode of this 
battery, shapewrrich impregnates nonaqueous solvent 
electrolyte solution in porous polymer separator which has 
penetrating hole isused, in order to prevent leakage of 
electrolyte solution which isirrpregnated in separator, those 
which package are done make prcducthave been done battery 
structure entirety with heavy nxtal container. 

[0003] On one hand, as for solid battery which forms solid elec 
trolyte as ion-mobile mediurn,because there is not a liquid leak, 
as reliability of battery, saferyirnproves, simplification and 
weight reduction of making thin film and lairination andthe 
package are expected. Especially it possesses desirable property 
where in order to possessthe processing fleMbwty, irterface 
retention which follows to volurre changedue to ion 
intercalation and release of larrinated structure formation and 
electrode of battery can dothe polymeric solid electrolyte which 
uses ionically conductive polymer, it is expected that such as. 

[0004] When solid electrolyte battery of sheet which utilizes ch 
aracteristic of solid electrolyte nereis drawn up, you can think 
method which cuts off periphery of Irrespective laminate 
surface area of both electrodes and electrolyte and that as 
therrethod which adjusts surface which opposes accurately. But, 
solid electrolyte quite was thin ones generally, as for gel 
electrolyte wfcdchis recently thought in order in addition even 
among those to raise theionic conductivity because also 
strength is weak, both electrodes fear shunting ofdoing was 
much power and which join when cutting off withthe " flash " 
of current collector which is formed after all when cutting off. 
Especially when sheet battery it forms as laminate, it was an 
lrnportantproblem 

[0005] 

[Problems to be Solved by the Invention] This invention design 
ates that sheet battery and its nBmifacruring method which 
possess thestructure which shunting it is difficult to do are 
offered as objective. 

[0006] 

[Means to Solve the Problems] These inventors through polym 
eric solid electrolyte, repeated diligent investigation concerning 
structureof sheet battery which electrode connects, reached to 
this invention, this invention is as follows. 

(1) Through rxtlyrneric solid electrolyte, in sheet battery whic 
h electrode connects, in order thesurface area of polymeric 
solid electrolyte layer to be large in comparison with surface 
area of theelectrode layer, at same time said polymeric solid 
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electrolyte layer 0 J to 1.5 inn to protrude from all 
peripheryof electrode surface being arranged, sheet battery 
which becomes. 

(2) Through polymeric solid electrolyte, polyrraic solid elect 
rolyte layer or arranging precursor layer arid surface area ofthe 
electrode layer in sheet battery which electrode connects, after 
drawing urjthoselairinate, said polymeric solid electrolyte layer 
ot nramifacturing method of sheet battery of theabove- 
menrioned I which includes step which does thetreatrrEnt which 
expands surface area of precursor layer. 

[0007] First you explain conceirrirjg structure of sheet batteryo 
f this invention, sheet battery of this imouion through 
polymeric solid electrolyte, has had structure which 
therespective electrode connects. In order this time surface 
area of solid electrolyte layer it is large in conparisonwith 
surface area of electrode layer, at same time for said solid 
electrolyte toprotrude from all periphery of electrode surface, 
fact that it is arranged isthe requisite of this invention sheet 
battery. If length where solid electrolyte layer has protruded 
from periphery of theaspect of electrode layer here should have 
been 0.1 rrmor greater and 1.5 mm or less, ifit should have 
been a preferably 0.2 rrmor greater and a 1 rrmor less. 
Under 0.1 mm effect which prevents short circuit not to be a 
satisfactory,with length which exceeds 1.5 mm as for portion 
there not tobe an effect which already prevents short circuit, 
because rather dead volume inside package becomes large, 
capacity oftheper volume as battery becomes low and is not 
desirable. In addition, as for length which has protruded it is 
notnecessary to be even always. This way due to fact that solid 
electrolyte layer has protruded from all peripheryof electrode 
surface barely, surface area of solid electrolyte layer it means 
barely largeespecially in comparison with surface area of 
electrode layer. It was sorrething where risk of short circuit is 
high with powerwhere periphery of sheet battery depends on 
relief and package whercutting off electrode and current 
collector generally and pushes, but thisprotrusion it is it means 
to bear role where solid electrolyte layer prevents theshort 
circuit of both electrodes and current collector with periphery 
of sheet battery. 

[0008] Regarding to this invention, before doing step which doe 
s thetreatrrEnt which is used, expands surface area as for 
polymeric solid electrolyte layer or thethickness of precursor 
layCT,it(^usethoseof5to500 mextent generally, but 
thoseof 10 to 300 mextent furthermore are desirable, those 
of20to200 m especial] yare desirable. Under 5 min 
addition to fact that it becomes difficult, todo treatment which 
expands surface area there is a possibility the intensity 
becoming insufficient, between electrode shunting to do it isnot 
desirable from fact that it becomes easy. In addition, with film 
thickness which exceeds 500 m in addition to thefact that 
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effective electrical resistance of enrire rrerrbrane becomes too 
high, becomes low it isnot desirable from fact that also capacity 
of per volume as the battery. 

[0009] Polymeric solid electrolyte which is used for sheet batter 
y of this invention especially is notlirrited Those where 
electrolyte compound is included for example polyalkyiene 
glycols , poly (meth)acrylate, in polyaaylorritrile type 
polymer, the polyvinyiidene fluoride-based polymer , poly 
phosphazene and polysUoxane etc can be used. These 
polyrr^ are good living o^crossluiking. Wren it uses, 
among these, as especially lithium ion battery polyvinyiidene 
fluoride-based polymer and thepolyacrylonitrile type polyrrer 
are desirable from feet that ionic conductivity is high, 
polyvinyiidene fluoride-based polyrrerthe electrochancally 
• stability for sake of especially is desirable even airongthem. In 
in polymeric solid electrolyte, electrolyte compound also being 
a state which solid solution is donein polyrrer it nay be a state 
which is filled in gap of the porous polyrrer. In addition, it is 
good including solvent of plasticizer and electrolyte 
corrpoundin solid electrolyte, those where those are included in 
gap of porous polymerwith liquid being, in order not to start 
leaking outside, if it iskept, it does not become inconvenient. 
As electrolyte compound, in each case of organic acid , 
organic salt , inorganic acid and the inorganic salt it is a usable. 
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[00 10] Is possible also fact that current collector is provided to 
electrode ofthe sheet battery of this invention. Next, you 
explam concerning rrariufactij^^ 
this invention. In order like battery of arx)ve-rrentioned this 
invention, for solid electrolyte toprotrude from all periphery 
of electrode surface barely, as method wrrichproduces sheet 
battery which is arranged, frcm beginning in rorrparisonwith 
electrode in order surface area barely to protrude from all 
periphery ofthe electrode barely making use of big solid 
electrolyte, larrinatingon electrodc,you are not conccrred. As 
for separator which even with in case of liquid battery 
whichreally, is used until recently is installed between electrode 
it isgeneral to be large in comparison with electrode surface area . 
But, through separator, fact that position of both electrodes 
isadjusted accurately is difficult ones generally. Especially when 
solid electrolyte where strength is low is used, it is moredrfficult. 
Therefore, if solid electrolyte layer or it draws up precursor 
layer and laminate wherethe surface area of electrode layer is 
even and after that solid electrolyte layer or,it is possible to do 
kind of treatment which expands surface area ofthe precursor 
layer, it is a effective. Here, it is possible to laminate those of 
completely same surface areathe solid electrolyte layer or as 
precursor layer and method which arranges surface area ofthe 
electrode layer, but after producing laminate, it is possible to 
cut offthe periphery of laminate. 
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[001 1] This way, after produring laninate where surface area is 
even, you canthiiik method which is listed below for example 
solid electrolyte layer or as therrcthod of treatment which 
expands surface area of precursor layer. 

(1) When solid electrolyte it is a soft gel electrolyte in conparis 
on with electrode , withunder or arrbienl terrperature hearing 
portion of solid electrolyte layer it protrudes to thelaninate 
periphery , by applying pressure on larrinate -5 method. 

(2) When it is a polymer porous sheet which precursor of solid e 
lectrolyte contracted whendrying, after drawing up larrinate 
making use of said sheet, when the said porous sheet blistering 
is done by impregnating electrolyte solution, method 
wHchforms solid electrolyte layer simultaneously. 

(3) It is a polymer sheet of state to which precursor of solid elec 
trolyte does notmclude electrolyte solution or plasticizer, or 
when only trace does notirclude, larrinate which was drawn up 
making use of said sheet, the arrbienl temperature or is soaked 
in electrolyte solution which is heated, polymer phase of the 
said sheet with electrolyte solution volume expansion is caused 
by feet that swelling itdoes, method which solid electrolyte 
layer is formed sinultaneously. 

[0012] Especially in case of method of (3) in order to prevent t 
teshunting due to melting, polymer crosslinking having done is 
desirable. When when these method are used, surface area of 
solid electrolyte layer spreads,because almost surface area 
spreads to all direction equally, you see in allperiphery and can 
correout In addition in case of method of temperature and 
tirre and(l) thelength which protrudes can be controlled 
furthermore by controlling thepressure. 

[0013] As nmufacturing method of gel electrolyte which is use 
d with method of ( 1 ), the polymer precursor with electrolyte ( 
crosslinking) method of rxjlyrrerizing. polymer and 
electrolyte solution thermal decornposition doing under existing 
of volatilization sol vendor under absence cast method of doing 
room temperature or irnpregnan on, method etc which swelling 
is done card ist crosslinked polymer sheet in electrolyte solution 
of high temperature, but also any method is theadoptable. gel 
electrolyte which is used here may be porous article. 

[0014] Method of stating in rrethod and Japan Examined Paten 
t Publication Sho 6 1 - 38207 disclosure which as for 
thepolymer porous sheet which is used with method of (2), it is 
possible, statesin for example Japan Unexarrined Patent 
Publication Hei 3 -215535 disclosure to utilize method which 
produces for example rricro filter and theUltra Filter. It can 
produce making use of method etc which is stated in the Japan 
Unexamined Patent Publication Showa 54 - 16382 disclosure . 
As for porous sheet which is produced with this kind of 
rranufacturing rrethodalwavsdrying, it is rot something which 
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is used Generally it is sorrEthing which accompanies 
contraction wtea drying. In this case, because as far void 
fraction of polymer porous sheet when larger one^mpregnating 
electrolyte solution, swelling ratio is large, it is desirable. 

[001 5] Being something if polymer sheet which is used with met 
hod of (3)the ambient temperature or should have been 
something which swelling it can do inthe electrolyte solution 
which is heated, with extrusion or other conventional method 
produces, you are notconcerned. To form it is possible to make 
plasticizer of trace include in orderto make easy. Ianinate2 
layers or more may be scratfnng which is laminated positive 
electrode ofthe sheet, with positive electrode / solid electrolyte 
/ negative electrode which negative electrode and solid 
electrolyte sequential islaninaledasunit, tobe folded stack 
structure is possible. (2) And mease of method of (3) it is 
possible also to make theroll. You apply pressure on lamnate 
which even with in case of methodof ( 1 ) is made roll, can also 
form in thin form battery. When 2 layers or more structure 
and folded stack structure and roll structure which arelarhnated 
are produced, solid electrolyte layer or treatment which 
expands thesurface area of precursor layer before at and is good 
at after producing thesestructure. 

[0016] As above shown, sheet battery which is produced making 
use of method ofthe this invention is difficult to do shunting in 
structural, with respect toefficiency of production and with 
respect to safety they are desirableones. 

[0017] 

[Errrxxiirnent of Invention] This invention furthermore is expl 
ained in detail with below Working Example. 

[0018] 

[Working Example 1] Predetermined amount after nixing litrriu 
m hydroxide and cobalt oxide, 5 hours heating withthe 750 
°C, it synthesized LiCoG? powder of average particle diameter 
10 m blending doing said powder and carbon black, in N- 
rrEthyl-pyrrohdone solution (5 weight%) of polyvinyl dene 
fluoride ( Kureha Chemical Industry Co. Ltd (DB 69-053- 
6883) make and KF 110 0)Jt produced slurry. Furthermore 
solid component weight composition in slurry, made LiCoCQ 
(85 %), the carbon black (8 %) and polyrrer (7 %). On 
aluminum foil coating and drying doing this slurry with doctor 
blade rrethod, it pralucedtrcsneet of filmthicktiss 1 10 m 

[0019] In addition nixing N-n^thyl-pyrTolidone solution (5 we 
ight %) of same rxilyvinylidene fluoride as description above 
tothe needle coke powder of average particle diameter 10 m, 
it produced slurry ( dried weight proportion : needle coke (92 %) 
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li*HJL.fcB;lM><fflb*lfc. P ET/P E7-OUA2IJ 

Btyf-tlf, ««>-CSS*«)ife*<«.|=dJ-6J:5l=P ET/A 
l/PE7^UCSft. 75^-5--C75^-l-L 



[0022] •€-+i-ftia>S3*iz-3i,<r, 5ttta« (4t4 

axil! 101SM6) Sffi^iSfg3mA/cm! 

B<il*4. 2 V (£S3iftfc4. 2vsae3ta) -e*y 

sasEfitarfiofcES, toEjtstaa^ 8 o%ty±. 
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[tk««1 ] 9EJ6W1 &ftflM=flMK*«ttSU 6x4 

TE7)£;!Mtac£fc< 7U- hLfcv- HftStt 



and polymer (8 %)). Applying said slurry to metallic copper 
sheet with doctor blade method, it formed film(electrode layer) 
ofthe dry film thickness 120 m 

[0020] Next, it formed in sheet of merrbrane thickness 100 
m poly (hexafluoropropylene - vinylidene fluoride) copolymer 
resin (hexafluoropropylene content 5 weight%) with hearing 
and extrusion molding,did electron beamillurtination with 
irradiation dose 15 Mrad polymer sheet after electron beam 
iUurriration in ethylene carbonate (EC^ rjmpylene carbonate 
(PC)/ - butyrolactone ( - BL) nixed solvent (EC/ PC/ - 
BLpI/1/2) solution (TJBF4 concentration 1 rrol/liter) of lithium 
tetrafluoroborate (LiBF4) 2 hours wassoaked with 100 °C, 
polymsric solid electrolyte of gel was produced After 
mpregnatirgnEn±(rai]euacknesswasl67 m 

[0021] It cut offLiCoCfe electrode sheet , needle coke electrod 
e sheet and polymeric solid electrolyte sheet in size of the7 X 
21 cm, in order for 2 electrode sheet to put between solid 
electrolyte sheet, laminating, itproduced laminate which it 
connects with needle coke (negative electrode)/ solid electrolyte 
sheet / LiCoQ2 (positive electrode). Putting between said 
laninate to PET/PE film, with cutter sheet 5 ofthe size of 6 X 
4 emit carved those which it larririates with the laninator, in 
Putting between each one with aluninumsheet, it placed weight 
ofthel0kg,3 0 nin when you keep, approximately 0.7 mm 
solid electrolyte protrusion is thebattery acquired in periphery 
of electrode. Peeling off" PET/PE film, positive electrode of 
respective battery, iristallingthe stainless steel terrrinal in 
negative electrode, changing and in order for tip of termmalto 
go outside, putting between to PET / Al /PE film, it produced 
sheet batterywhich it laminates with laninator. 

[0022] Charge-discharge was done with current density of curre 
nt density 3 mA/cm2 concerning therespective battery, making 
use of charger-discharger ( Hokuto Denko Corp. (DB 69-067- 
3561) make 101SM6). Also 5 as for interelectrode potential 
after charging was 4.2V (4.2V constant voltage discharge after 
constant current) and>ou could verify charge. In addition as for 
discharge charge-discharge efficiency after result, first tirre 
charge-discharge efficiency 80 % or higher and the second 
which were done with cut off voltage 2.7V constant current 
discharge repetitive charge-discharge was possible with the99 % 
or higher, 5, it could verify everything that it operates as 
thesecondary battery. 

[0023] 

[Comparative Example 1] Laminate was produced in same way 
as Working Example 1, sheet 5 of thesize of 6 X 4 cmafter 
carving in, weight was placed and thesheet battery which is 
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[0024] 

;U^"D^PtTL/>^g5fig%) £2 2. 5Sg%. ¥ 
^=f-SZ 0 OflJ^'jx^UX/^ija-vu^ 1 01S% 

T h (&) , Bi5*Twa e n 8 O) $ 1 ffig%<Tj 

»L. A'7Xfi±i:i00umffi^t'^a)^L/-Kt 

T$?lR£#8Lfc. Z0i&mt4S urn t?*y, SSS 



[0 0 2 5] K£fl,K££JE0!1 TfttiiLfcL i CoO 
2 tSv- h t-- Kjl-a-?XSS->- h©(BI=»* 
. SBftSMLt. 168ilt*£4 x 4 cmd)*fil: 

» UfiAf \~57Jl>*ntlls- h (L i B F 4 ) 
fl/>A-iK*-h (EC) /^nei^>*— h 
(PC) /r-^fP7f K> (r-BD ( 

EC/PC/r-BL = 1/1/2) jgjS (L i BF, 
Sg 1 m o I / 'J •> Ml/) [=Si&T? 3 0 «-|»,'S3t L tl 

a<&0. 5mmlJ^tbLT^S<0A<SSS$*lfc„ 100 
t<D*-:7>TM RIH|JlD»Lfc(fc, X^X&fr b l*T L 

{t-ICfcU&^ICP ET/A I /P E^fjl/Alzft*, 5 
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[S««3] s««i-eftSLfc*«*y-7— 
. ^fiysiiiwi TftsifcL icoOj a«*>-h<t 

x-K;U3-^^a«*>-KDHI=ft*, «;§{*£tt§! 
Lfc. i£8SJ§<*£4 x 4 cm<D*£ SIzfflBfU iil: 

T^Jl^DJtSU— h (L i BF 4 ) <Dx^L<>*j — 

-r- (EC) /^nei/V*-^^- h (PC) /r- 
zffn^? h> (r-BD (EC/PC/r 

-BL=1/1/2) Jgifc (LiBF,SSlmol/ 



laminated without_applying pressure was produced charge- 
discharge of respective battery was done in same way as the 
Working Example 1, but 5 rr^um3nad done shunting, only 
the 2 charge-discharge was possible. 

[0024] 

[Working Example 2] Poly (hexafluoropropyiene - virrylidene f 
luoride) copolyrrET resin (hexafluoropropyiene content 5 
weight %) which is used with Working Example 1 polyethylene 
glycol of 22.5 weight % and the average molecular weight 200 
it heated dirrethviacetarride solution which melts 10 weight % 
and polyoxyethylene sorbitan mono oleate ( Kao Atlas KK 
and tradenanE TweenSO) withthe concentration of 1 wt% to 
60 °C, after on glass sheet applying withthe blade of gap of 
100 m , every glass sheet after soaking, the peeling off in 
underwater of 70 °C, after washing, dryingthe film which it 
acquires with water , alcohol, it produced theporous membrane. 
Trosrrranbrane thickness was 45 m , void fraction was 76 
%. 

[0025] Flitting between between LiCoQ2 electrode sheet and ne 
edle coke electrode sheet which produce thesaid porous film 
with Working Example 1, it produced laminate. It cut off said 
larrirate in size of 4 X 4 cm, furthermore putbetween to 2 glass 
sheet and stopped with clip, in ethylene carbonate (EC)/ 
propylene carbonate (PC)/ - buryrolactone ( -BL) mixed 
solvent (EC /PC/ -BL=l/l/2) solution (LiBF4 
concentration I rrol/liter) of the lithium tetrafluoroborate 
(LiBF4) 3 0 nin soaked with room temperature and 
irrpregnated electrolyte solution, electrolyte layer 
approximately 0.5 mm having protruded was verified from 
theperiphery of said laminate. 1 hour after hearing with oven 
of 1 00 °C, you removed fromthe glass sheet installed stainless 
steel tenrinal in positive electrode , ard negative electrode in 
order forme tip of terninaJ to go outside, putting between to 
PET/ Al /PE film, youproduced sheet battery which it laminates 
with larrinator. It did charge-discharge in same way as 
Working Example 1 5 concerning therespective battery which 
is produced wimsanE method, in each caseit could verify that it 
operates as secondary battery. 

[0026] 

[Working Example 3] Putting between crossl inked polymer she 
et which is produced with Working Example 1, betweenthe 
LiCoG? electrode sheet and needle coke electrode sheet which 
after all are produced withthe Working Example 1 , it produced 
laminate. It cut off saidlarninateinsizeof4X4crn, 
furthermore putbetween to 2 glass sheet and stopped with clip, 
in ethylene carbonate (EQ/ propylene carbonate (PC)/ - 
buryrolactone ( - BL) nixed solvent (EC/ PC/ -BL= 
1/1/2) solution (IJBF4 concentration 1 rrol/liter) of the lithium 
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tetrafluoroborate (LiBF4) 2 hours soaked with 100 °C and 
iinpregnated electrolyte solution, electrolyte layer 
approximately 0.8 mm having protruded was verified from 
theperiphery of said larrinale after irrpregnating. After 
rerrDvingfrom glass sheet, you installed stainless steel terminal 
in positive electrode ,and negative electrode in order for tip of 
terminal to go outside, puttingbetween to PET / Al /PE film, 
you produced sheet battery which it larninates withthe 
larrinator. 5 it could produce said battery, when charge- 
discharge was done in thesarre way as Working Example 1 
concerning respective battery, in each case itcould verify that it 
operates as secondary battery. 
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[0027] 

[Effects of the Invention] Sheet battery of this invention is diff 
ioit to do sriunh^ in structural, the safety is high. In addition, 
as for imnufactun^irethod of sheet battery of this invention 
surfaceadjusting of both electrodes not only it is easy, 
production efficiency is superior fronthe feet that shunting 
v^(±ismnid^ofrjroducmgislittle,on industry it is useful 
greatly. 
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